The marine cyanobacterium Oscillatoria sp. strain JCM oxidized naphthalene predominantly to 1-naphthol. Experiments with [1-2H]naphthalene and [2-2HJnaphthalene indicated that 1-naphthol was formed with 68 and 74% retention of deuterium, respectively. No significant isotope effect was observed when the organism was incubated with a 1:1 mixture of naphthalene and [2H8]naphthalene. The results indicate that 1-naphthol is formed through a naphthalene 1,2-oxide intermediate, which rearranges spontaneously via an NIH shift mechanism.
Naphthalene is a major component in the water-soluble fraction of crude oils and certain fuel oils (20) . Many bacterial strains capable of utilizing this hydrocarbon as the sole source of carbon and energy have been isolated (2, 13) . All naphthalene-grown bacteria studied thus far possess dioxygenases that initiate naphthalene degradation by adding molecular oxygen to one of the aromatic rings to form cis-1,2-dihydroxy-1,2-dihydronaphthalene (13) . Fungi and mammals, however, possess cytochrome P-450 monooxygenases that initiate naphthalene oxidation by incorporating one atom of oxygen from molecular oxygen into the aromatic ring to form naphthalene 1,2-oxide (3, 11, 14, 18) . Naphthalene 1,2-oxide is unstable and can undergo spontaneous isomerization to form 1-naphthol by a mechanism called the NIH shift (10) . Alternatively, naphthalene 1,2-oxide can be hydrated by epoxide hydrase to yield trans-1,2-dihydroxy-1,2-dihydronaphthalene (16) . The oxide can also undergo spontaneous or enzymatic conjugation with glutathione (14) .
Cerniglia et al. (4, (6) (7) (8) (9) have shown that marine cyanobacteria have ability to oxidize aromatic hydrocarbons under photoautotrophic growth conditions. Oscillatoria sp. strain JCM oxidized 4.8% of the added [14C]naphthalene in 24 h, forming 1-naphthol as the major ethyl acetate-soluble metabolite. 4-Hydroxy-1-tetralone and small amounts of a compound tentatively identified as cis-1,2-dihydroxy-1,2-dihydronaphthalene were also formed (8) . The major metabolite, 1-naphthol, could be formed by two possible mechanisms: (i) the formation of an arene oxide intermediate that isomerizes with a concomitant NIH shift or (ii) direct hydroxylation of the aromatic ring at the 1-position.
Deuterium labeling experiments have been widely used in drug metabolism studies for the elucidation of metabolic pathways, enzyme mechanisms, and isotope effects (12) . The following work describes experiments that were conducted to determine the mechanism of 1-naphthol formation by Oscillatona sp. strain JCM from naphthalene specifically t Deceased 20 January 1986. labeled with deuterium at the C-1 and C-2 positions. If an arene oxide is involved as an intermediate, then a migration of deuterium to the C-2 position of 1-naphthol should be observed. Since the C-D bond is significantly stronger than the C-H bond, we would expect to see 1-naphthol with considerable retention of deuterium at the C-2 position.
Oscillatoria sp. strain JCM was grown photoautotrophically at 39°C in Pyrex test tubes (40 by 8 cm) containing 250 ml of modified ASP-2 medium with 8 mg of vitamin B12 liter-' (17, 19) . Air containing 1.0% CO2 was bubbled continuously through the cultures, and illumination was provided by two fluorescent lamps placed 8.5 cm from the tubes.
In experiments with deuterated naphthalenes, the cells from two 250-ml test tube cultures were combined and resuspended in 200 ml of ASP-2 medium (approximately 0.8 mg ml-1 [dry weight]) in 500-ml Bellco Glass Nepheloculture flasks. Deuterated naphthalene (2 mg in 100 pAl of 95% ethanol) was added to each culture to give a final concentration of 10 mg of naphthalene liter-' in the medium. The organism was incubated for 8 h at 31°C in a closed growth system as previously described (8) . Cultures were shaken continuously, and the CO2 concentration in each flask was maintained between 0.5 and 1.0% throughout the experiment. [1-2H] naphthalene and [2-2H]naphthalene were used as substrates. Experiments were also conducted using a 1:1 mixture of uniformly deuterated [2H8]naphthalene and nondeuterated naphthalene as the substrate to determine whether there was an isotope effect during the initial oxygenation of the aromatic ring.
After incubation in the closed growth system with substrate, organisms were removed by filtration through cheesecloth and the culture medium was extracted with two equal volumes of ethyl acetate. The organic phase was dried over anhydrous Na2SO4, and solvent was removed in vacuo at 30°C. The extracts from 3.0 liters of medium were pooled, and deuterated 1-naphthols were purified by preparative thin-layer chromatography on glass plates coated with Silica Gel GF (250-,um thickness; Analtech, Newark, Del. is the number of deuterium atoms in a molecule (3, 15 [2H8]naphthalene as the substrate showed that kH/kD was 1.05, indicating that there was no significant primary kinetic isotope effect during 1-naphthol formation from naphthalene by Oscillatoria sp. strain JCM (Fig. 2) . The retention of 68% of the deuterium in the 1-naphthol formed by Oscillatoria sp. Figure 3 shows the mechanisms that we suggest for the formation of 1-naphthol from naphthalene by Oscillatona sp. strain JCM. The lack of a primary kinetic isotope effect during the oxygenation of naphthalene suggests that Oscillatonia sp. strain JCM oxidizes naphthalene primarily via naphthalene 1,2-oxide rather than by direct hydroxylation. The retention of 68% of the deuterium in the 1-naphthol formed from [1-2H] 
